Introduction: Vaccination is a key intervention to reduce infectious disease mortality and morbidity amongst older individuals. Identifying social factors for vaccine uptake enables targeted interventions to reduce health inequalities. Objective: To systematically appraise and quantify social factors associated with vaccine uptake amongst individuals aged !60 years from Europe. Methods: We searched Medline and Embase from inception to 24/02/2016. The association of vaccine uptake was examined for social factors relevant at an individual level, to provide insight into individuals' environment and enable development of targeted interventions by healthcare providers to deliver equitable healthcare. Factors included: living alone, marital status, education, income, vaccination costs, arealevel deprivation, social class, urban versus rural residence, immigration status and religion. Betweenstudy heterogeneity for each factor was identified using I 2 -statistics and Q-statistics, and investigated by stratification and meta-regression analysis. Meta-analysis was conducted, when appropriate, using fixed-or random-effects models. Results: From 11,754 titles, 35 eligible studies were identified (uptake of: seasonal influenza vaccine (SIV) only (n = 27) or including pneumococcal vaccine (PV) (n = 5); herpes zoster vaccine (n = 1); pandemic influenza vaccine (n = 1); PV only (n = 1)). Higher SIV uptake was reported for individuals not living alone (summary odds ratios (OR) = 1.39 (95% confidence interval (CI): 1.16-1.68). Lower SIV uptake was observed in immigrants and in more deprived areas: summary OR = 0.57 (95%CI: 0.47-0.68) and risk ratio = 0.93 (95%CI: 0.92-0.94) respectively. Higher SIV uptake was associated with higher income (OR = 1.26 (95%CI: 1.08-1.47)) and higher education (OR = 1.05 (95%CI: 1-1.11)) in adequately adjusted studies. Between-study heterogeneity did not appear to result from variation in categorisation of social factors, but for education was partly explained by varying vaccination costs (meta-regression analysis p = <0.0001); individuals with higher education had higher vaccine uptake in countries without free vaccination. Conclusions: Quantification of associations between social factors and lower vaccine uptake, and notably living alone (an overlooked factor in vaccination programmes), should enable health professionals target specific social groups to tackle vaccine-related inequalities.
Introduction
Vaccination is an important intervention to prevent infections amongst older individuals, who have increased susceptibility to infections and often experience more severe outcomes [1] [2] [3] . A successful vaccination programme depends not only on vaccine effectiveness and well-organized programme delivery but also on high vaccination uptake [3] . Inequalities in vaccine uptake amongst older individuals could be related to social factors: the social circumstances of living and working [4] [5] [6] . Determining the association between social factors and vaccine uptake helps to quantify any vaccination inequalities in specific population groups and assists health care providers in planning targeted interventions and making any necessary changes to vaccination programmes. The social factors affecting vaccine uptake may vary with age and with the type of vaccine [4] [5] [6] [7] . A 2011 systematic review summarised the association of social determinants of health with uptake of a single vaccine (seasonal influenza (SIV)) for older individuals (aged !65 years), without quantitative synthesis [6] . This previous study found conflicting associations of factors such as education, marital status, ethnicity, socio-economic level and place of residence, without undertaking a comprehensive assessment of between-study heterogeneity [6] .
The social factors associated with SIV uptake may be different from other vaccines used for older adults such as pneumococcal and herpes zoster vaccines that are not administered annually. The objective of this review was to systematically appraise and quantify the association of social factors with uptake of vaccines amongst individuals aged !60 years from Europe including a detailed between-study heterogeneity assessment when necessary. It was anticipated that the studies from the European region may be more homogenous compared to those from low-income settings, making data synthesis more feasible.
Methods

Search strategy
This review formed part of a larger search for studies exploring social determinants of vaccine uptake in Europe for all age groups. The wider search ensured that studies spanning different age groups, including subgroups of older individuals, were not potentially missed. The data sources comprised Medline and Embase, searched from inception to 24/02/2016. Search terms (text words and subject headings) were drawn up for four search concepts: social factors, the European region [8] , vaccination and uptake. The search included articles, letters and conference abstracts published in English. Additionally, reviews of vaccine uptake (worldwide from the last five years) were searched to identify further European studies. The detailed search strategy is provided in Appendix-1. Reference lists of all eligible studies and reviews were also searched.
To identify social factors associated with vaccine uptake, we adapted the conceptual framework developed by the World Health Organisation's Commission on Social Determinants of Health (Appendix-2) [7] for tackling health inequalities globally. This framework provides a comprehensive approach for identifying complex relationships between social factors and inequality, and how to plan and implement interventions. We sought evidence for social factors relevant at an individual level or provided insight into individuals' environment that could assist healthcare providers to target specific social groups for equitable healthcare delivery. The following factors were identified as possible determinants of vaccine uptake: country of birth, religion, urban/rural residence, marital status, living arrangements (living with others versus living alone), and socio-economic position (education, income (individual or household), type of health insurance, area-level socioeconomic status (SES), social class/occupation). For the purposes of this review, we did not examine factors that were possible mediators of the main factors of interest: knowledge, attitude and beliefs, access to healthcare and health status/co-morbidities (Appendix-2).
The titles and abstracts of the records retrieved were screened for full text assessment based on a priori inclusion criteria (Appendix 3). Studies reporting the effect of one or more social factor of interest on vaccine uptake amongst individuals aged !60 years from Europe [8] were potentially eligible. The outcome was any routine vaccination programme and/or one-off vaccination such as pandemic mass vaccinations or catch-up vaccinations; travel or occupational health vaccinations were excluded. Eligible study designs comprised cross-sectional, ecological, case-control or cohort studies. We further restricted to studies that quantified the relationship between social factors of interest with vaccine uptake by either reporting relative risks or providing raw data for their calculation; studies presenting the results of hypothesis testing without reporting effect measures were described narratively. Multiple papers describing the same study population were included once. The abstracts of the records that appeared to meet these screening criteria were selected for a full text review.
The eligibility criteria were applied by one reviewer (AJ) to the titles/abstracts identified, for full-text assessment. A random sample (10%) of titles considered ineligible were screened independently by two other reviewers (ST and AJVH) (no disagreements were observed). Of the total records identified for full text review, the eligibility for 10% of the records for which eligibility was initially unclear was resolved by discussion (ST, AJ and AJVH).
Data extraction
Data were extracted by one reviewer (AJ). Information was extracted for: author, study characteristics (year, country, design, size, participants) vaccine types, social factors, effect estimates and confounders used for adjusted effect estimates.
Quality assessment
Quality assessment was performed by one reviewer (AJ) including detailed discussions with the second reviewer (ST), using the Cochrane approach for risk of bias adapted for observational data [9, 10] . Risk of bias (categorised as low, high or unclear risk) was assessed for the following five domains: selection bias, missing data, misclassification of vaccination status, misclassification of social factors (including consideration of timeliness for timevarying social factors -marital status, living alone, rural/urban residence, area-level SES, income and insurance status), and confounding bias. Details of the bias assessment are provided in the Appendix-4.
Data analysis
Forest plots of effect estimates (odds ratios (OR) or risk/rate ratios (RR)) were generated for each social factor, stratified by vaccine type. Raw data were used to calculate ORs if effect estimates were unavailable. The effect estimates from the most appropriate model (ideally, controlling for confounding and not adjusted for mediating variables) were used when available, otherwise the unadjusted estimate was used. For social factors with more than two categories, reported estimates for the highest or lowest category were selected. To address varying choice of baseline exposure group in different studies, effect estimates for a comparable baseline were re-calculated when possible using raw data; if the exposure variable was binary, the effect estimates were reversed for studies that used a different baseline. Similarly, effect estimates for non-uptake of vaccination were reversed to obtain estimates for vaccine uptake. Studies were described narratively if such comparisons were impossible or if estimates from probit or linear probability models were presented.
Between-study heterogeneity was explored using I 2 -statistics and the Cochrane Q-statistic [11] . When the I 2 -statistic was 50% fixed effects meta-analyses [11] were conducted. When between-study heterogeneity (I 2 > 50%) was identified for a particular factor, a random effects meta-analysis was conducted if effect estimates were all broadly in the same direction, but was not attempted when effect estimates were in opposing directions as the summary estimate was considered uninformative [11] .
Between-study heterogeneity was explored as follows: stratifying by vaccine type (influenza vs other vaccine uptake), different effect measures (OR or RR), re-categorising exposures with >2 categories (when feasible) to maximise homogeneity of exposure definitions; restricting analyses to studies reporting adequately adjusted estimates (Appendix 4), and stratifying results by whether the vaccine was available free-of-charge in the country (to see whether costs of vaccination modified effect estimates).
Meta-regression analysis was conducted to further investigate heterogeneity for social factors with at least 10 studies, assessing: vaccine type (influenza vs other vaccine uptake); OR/RR as effect estimates; heterogeneity in the categories chosen for the social factor; confounding bias; whether the vaccine was available free-ofcharge; and any over-adjustment of effect estimates (inclusion of hypothesized mediating variables in multivariable models).
Data were analysed using Stata 14 software package (StataCorp LP, College Station, TX, USA).
Results
A total of 11,754 titles were identified, of which 479 titles (including one title identified from references) were evaluated for full text review (Appendix-5) resulting in 35 eligible studies conducted between 1997 and 2015 (Appendix-6). Most were cross-sectional with five cohort studies and one case-control study. Three studies reported data for more than one European country [12] [13] [14] , with the remaining 32 studies conducted in 11 countries (Table 1) , Spain being the most frequent (n = 11) followed by the UK (n = 5). The studies ascertained uptake of SIV (n = 27), pneumococcal vaccine (PV) (n = 1), both SIV and PV (n = 5), SIV and pandemic influenza vaccine (n = 1), and SIV and herpes zoster vaccine (n = 1).
Amongst studies providing effect estimates education was the most frequent social factor investigated (n = 14), followed by living alone (n = 13), and country of birth (n = 11). The least studied factors were health insurance (n = 3) and religion (n = 1) ( Table 1) . Two studies reported effect estimates for some social factors but only statistical evidence (without effect estimates) for country of birth [15] and for private medical insurance [16] (Appendix-7). Nine additional studies [17] [18] [19] [20] [21] [22] [23] [24] [25] (Appendix-7) that did not provide effect estimates were summarised narratively.
Quality assessment
As shown in Table 2 and Appendix-8, studies had low risk of bias for outcome and exposure measurement but confounding bias was common. The confounding bias mostly resulted from lack of adjustment for at least one other social factor (Appendix-4) in multivariable models.
Social factors of vaccine uptake
Living alone
Of the nine studies considered for meta-analysis, six classified living alone as a binary variable, and for the other three [26] [27] [28] studies ''living as a couple" was compared to living alone. Although results were heterogeneous, studies consistently showed increased uptake amongst those not living alone, with an overall 25% and 53% increase for SIV uptake after restricting analysis to adequately adjusted studies and stratifying by vaccine cost respectively ( Fig. 1 ). Re-analysis of living arrangements as a binary variable ( Fig. 1 ) did not reduce heterogeneity.
Two studies [29, 30] categorised living arrangements differently. One (comparing smaller versus larger households) reported increased uptake amongst individuals from large households [29] , whereas the other (living with children versus not living with children) [30] reported lower vaccine uptake amongst those living with children. The studies that used probit or linear regression models found negative associations between vaccine uptake and housing density [31] and those living with children [14] . The single Table 1 Summary of studies reporting associations of social determinants with vaccine uptake (N = 35 [32] L L L L U L L U L L U L L U [56] L L L L L U L L [33, 47] H L H H H L H L H H L [15] H L L H L [37] H L L L U L H U [57] L L L L L L L L [58] L L L H L [26, 48, 59] 
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Marital status: analyzed as binary variable (baseline: married)
UK study that did not provide effect measures, found no association between living arrangements (categorised as a seven-level variable) and SIV uptake amongst patients admitted to a geriatric ward [20] (Appendix-7).
Marital status
Four of the seven studies considered in the meta-analysis categorised marital status as a binary variable, for the remaining three studies single status was compared to being married. After stratification by vaccine type, 18-53% lower vaccine uptake was observed amongst unmarried individuals in all studies except one [12] with notable between-study heterogeneity (I 2 = 74%, Fig. 1 ). Reclassifying marital status in three studies as a binary variable (unmarried versus married) did not reduce the between-study heterogeneity (Fig. 1) . Heterogeneity was reduced but still appreciable after restricting analyses to adequately adjusted SIV uptake studies. Results were more homogeneous after stratifying by vaccine cost; in countries in which SIV was free-of-charge, overall uptake amongst unmarried individuals was 30% lower compared to married individuals (Fig. 1) , echoing findings for living arrangements (Fig. 1) . The studies that used linear probability [14] or probit models [31] also found higher SIV uptake amongst married individuals or those with a partner, as did one of the three Spanish studies that did not provide effect measures (uptake 47.8% vs 53%) [21] ; the other two Spanish studies found no evidence for an association between marital status and SIV uptake [16, 18] (Appendix-7).
Education
Twelve studies were considered for meta-analysis (Fig. 2 ). There was no consistent effect of higher education on vaccine uptake after stratification by vaccine-type (I 2 > 80%). Results were little changed after re-categorising education in seven studies as a binary variable (education up to ages 12-15 years and >15 years) [16, 26, [32] [33] [34] [35] [36] (Fig. 2) . Restricting analysis to adequately adjusted studies resulted in a consistent direction of effect (Fig. 2) with a summary estimate of 5% higher uptake amongst those with the highest education level.
Interestingly, stratification by vaccination cost [32, 34, 35, [37] [38] [39] [40] showed marked differences. In countries where the vaccine was provided free-of-charge there was no overall effect of education. In contrast, in countries where a payment for vaccination was necessary, higher education was associated with an overall 67% increased odds of SIV uptake. (Fig. 2) . A reverse effect (20% decreased odds of uptake) was seen in the single Irish study, where vaccine administration payments are means tested [39, 40] .
Two studies excluded from meta-analysis reported marginal probabilities: one found no evidence of an association of education level with SIV uptake [31] and the other (including fifteen countries) found low education level associated with lower SIV vaccination (linear probability model coefficient = À0.034) [14] . Four further studies did not provide effect estimates: a Greek study [24] showed higher uptake amongst those with at least primary education whilst three Spanish studies [18, 21, 22] reported no evidence of effect of education on SIV uptake (Appendix-7).
Household/individual income
The eight studies that reported ORs for income and SIV uptake showed no consistent effect (Fig. 2) . Amongst the two studies [27, 41] reporting RRs, there was no overall effect of income on SIV uptake (Fig. 2) .
Despite remaining heterogeneity, results were more consistent after restricting to studies with adequate adjustment for confounding, with an overall 26% increased odds of SIV uptake amongst those with higher income, consistent with that observed for the effect of education (Fig. 2) . Unlike the findings for education, in stratified analyses an overall 14% higher odds of SIV uptake amongst those with higher income was observed in countries offering free-of-charge vaccination [37, 40] (Fig. 2) . However, in a single Irish study [33] where vaccination payment was means tested [40] , the effect of higher income was similar to that of higher education: those with higher income had lower odds of SIV uptake (Fig. 2) . It was not possible to re-classify income status as a binary variable for comparison across studies, and the exploration of heterogeneity for this aspect was therefore not undertaken.
Four studies did not provide effect estimates for the association of income with vaccine uptake (Appendix-7) . A second Irish study found uptake of both SIV and PV to be higher (p < 0.001) amongst individuals entitled to free vaccine (possessors of a medical card) compared to those who paid for vaccination [17] . Higher SIV coverage was reported for individuals with lower income in urban areas of Turkey where the vaccination was not available free-ofcharge [19] . In contrast, two Spanish studies found no evidence of an association between income and SIV uptake [18, 21] .
Urban or rural area of residence
Eight of the nine studies (SIV n = 6, SIV and PV n = 3) with effect estimates reported the association of vaccine uptake with the location of individuals' own homes (urban or rural), whilst one French study [42] investigated the location of individuals' nursing homes ( Fig. 3) . No consistent direction of effect was observed for studies reporting ORs for the association of SIV uptake with residence. However, the studies that presented RRs for SIV uptake and ORs for PV uptake found an overall 11% and 15% increase in uptake respectively amongst urban residents (Fig. 3) .
The location of nursing homes had no effect on SIV uptake, but (in contrast to individuals living independently) a lower uptake of PV was observed in residents in urban versus rural nursing homes ( Fig. 3) .
Between-study heterogeneity for SIV uptake could not be explained by restricting the analysis to adjusted ORs (Fig. 3) and all studies except one [12] offered free vaccination. Again, it was not feasible to re-categorise this exposure as binary variable.
A UK study that did not provide effect measures found no association between location of general practices and SIV uptake [23] .
Area-level SES
Five UK studies reported the association of area-level SES with vaccine uptake (SIV alone n = 3, SIV and pandemic influenza n = 1, SIV and PV n = 1, Fig. 3 ). All but one study reported RRs [43] . The reference group for one study [44] was the third quintile of deprivation in contrast to the other four studies (the baseline group being the least deprived area).
The results were similar to the effect of household income (Fig. 2) , with risk of SIV uptake modestly (7-11%) lower amongst those living in most deprived areas. This effect was seen consistently irrespective of vaccine type or measure of effect ( Fig. 3) or using a different baseline group. All studies were from countries providing free-of-charge vaccination and it was not feasible to re-categorise this exposure.
Private medical insurance
Two [45, 46] of the three studies considered in meta-analysis categorised insurance as a binary variable; one study [47] used a four-level variable (Appendix-6). The latter study compared individuals with private medical insurance to those without insurance as baseline. After stratification by vaccine types (Fig. 3) , overall SIV uptake was 67% more likely amongst individuals with private medical insurance, but uptake of both SIV and PV was 62% lower (Fig. 3 ). One study [46] provided adequately adjusted estimates; all but one study [47] were conducted in countries that provided vaccine free-of-charge (Fig. 3) . SIV uptake was 72% higher amongst 
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ubtotal (I-squared = 84.5%, p =<0.0001) Fig. 4 . Effect of country of birth and social class on vaccine uptake. those with private medical insurance was observed in the Irish study [47] where vaccination charges were means tested [40] . A Spanish study [16] that did not provide effect measures reported no evidence of association of private medical insurance with SIV uptake (Appendix-7).
Country of birth
Nine studies, all except one conducted in Spain, were considered for meta-analysis ( Fig. 4) . Overall, there was lower uptake of vaccination amongst immigrants irrespective of vaccine type, with uptake 43% and 33% lower for SIV and PV vaccines respectively (Fig. 4) . The summary effect estimate was near-identical after restricting SIV studies to those with adequate adjustment of confounding, and after reclassifying country of birth in one study [43] as a binary variable (Fig. 4) . Stratification based on vaccine costs was not required as all included countries offered free vaccinations.
Two studies from Israel with effect estimates were excluded from meta-analysis, one [32] used a different definition for country of birth (those born in Asia or Africa versus elsewhere) and the second used marginal probabilities to investigate immigration status; neither found an association with SIV uptake [31] . Two further studies did not provide effect estimates: an Israeli study [25] found statistical evidence for lower uptake of both SIV and PV amongst Russian speakers compared to Arabic speakers, whilst a German study found no evidence for lower SIV uptake amongst immigrants [15] .
Social class/occupation
Five studies (SIV: n = 4, SIV and PV: n = 1) provided effect estimates for the association of social class with vaccine uptake (Fig. 4 ). There was no consistent effect seen for SIV uptake (I 2 = 80.2%), but the single study of PV uptake (from Spain) reported higher uptake amongst individuals from the lowest social class [28] .
Between-study heterogeneity could not be explained after restricting to studies with adequate adjustment for confounding or stratifying by vaccine costs (Fig. 4) , and this exposure could not be consistently re-categorised as a binary variable across studies to further explore between-study heterogeneity.
Religion
The one study that provided effect estimates [32] , found no strong evidence for an association with SIV uptake (religious versus not religious: OR = 1.71 (95%CI:0.96-3.03)) Another study (no effect estimates provided) [25] reported an association of SIV uptake with place of residence that varied with individuals' religion: amongst Jewish individuals higher uptake was noted in rural areas compared to urban areas (p < 0.04) whilst the association was reversed amongst Muslim individuals(with higher uptake in urban (80%) compared to rural areas (76%) (Appendix-7).
Meta-regression
There were sufficient studies (n = 12) to further examine the reasons for heterogeneity for the association of education with SIV uptake [15, 16, 28, [32] [33] [34] [35] [36] [37] [48] [49] [50] .
Multivariable meta-regression analyses included vaccination cost (free versus paid), confounding bias (low or high risk of bias) and 'over-adjustment' (studies that included in multivariable analyses variables hypothesized to be on the causal pathway between education and vaccine uptake). There was strong evidence (p < 0.0001) that the association of education with vaccine uptake varied with vaccination costs: in studies from countries (Sweden and Norway) where the population had to pay for vaccination, the ORs were 1.93 times the ORs reported from countries where vaccines were available free-of-charge for some (e.g. Ireland) or all (e.g. Spain) of the population. There was some evidence (p = 0.05) that between-study heterogeneity could be explained by risk of confounding bias, but little evidence that it was explained by 'over-adjustment' (p = 0.2). All education studies reported ORs and investigated SIV vaccine uptake, and thus the type of effect estimate and vaccines were not examined. Each study categorised education differently making it infeasible to examine this the meta-regression model. Analyses were repeated after excluding the study reporting both SIV and zoster uptake (n = 11), revealing similar results, but the effect 'over-adjustment' could not be investigated in the reduced model due to collinearity.
Discussion
To our knowledge, this is first review to quantify systematically the effect of a wide range of social factors on vaccine uptake amongst older individuals in Europe. Not living alone, an important social factor for this population group, was associated with higher SIV (39%) and PV (71%) uptake. Marital status, which is likely to be highly correlated with living alone, also showed lower uptake of both SIV and PV amongst unmarried individuals in all except one study. Other characteristics associated with lower vaccine uptake included being an immigrant (43% and 33% lower uptake for SIV and PV respectively), and lower area-level deprivation (7% lower uptake for SIV), highlighting that vaccination inequalities continue to exist despite availability of free vaccines. The direction of effect for all these factors remained even after restricting the analyses to studies with low risk of confounding bias.
No consistent direction of effect was observed for education. However, restricting analyses to adequately adjusted studies showed a small (5%) overall increase of SIV uptake with higher education. The effect of income also initially appeared heterogeneous, but amongst adequately adjusted studies that measured ORs (and excluding the single study in which vaccines were not universally supplied free-of-charge), the effect of higher income was consistent with that of higher education. These findings concur with those from a study of individuals aged !50 years from 13 European countries, which reported lower utilisation of a range of preventative services, including SIV uptake, amongst those with lower income and education [51] . In contrast, there was no evidence of an effect of income for the two studies measuring RRs. This could in part be explained by ORs having more extreme values than RRs when the outcome is common [52] . Stratification by vaccine costs revealed contrasting results for education and income: unlike education, income-related inequalities persisted, with higher uptake amongst those with higher income in countries offering free-of-charge vaccination. Contrarily in Ireland (where vaccination payment are means-tested) [40] , both lower income and lower education were associated with higher uptake.
Overall there was no consistent effect of social class on vaccine uptake; between-study heterogeneity could have resulted from differences in the definition used for this exposure, although data were not available to explore this further. The role of urban residence with vaccine uptake was also variable; although summary estimates for two SIV studies (measuring RRs) and for two PV studies (measuring ORs) indicated higher uptake in urban areas, most of the SIV studies showed inconsistent direction of effects for urban residence.
Some important determinants such as religion and access to private medical insurance were not consistently included across studies from different countries. Given increasingly diverse populations and differences in provision of healthcare across Europe, these determinants could be important end-points for future studies.
Living alone was identified as an important factor associated with lower vaccine uptake in this review and may be an indicator for social isolation [53] . Living alone has emerged as an important determinant of health in older populations. For example, in a 2010 systematic review, lack of social relationships was associated with a 50% increase in mortality, comparable to the increased risk resulting from smoking or obesity [54] . Similarly, a 2015 metaanalysis [53] found that living alone was associated with 32% higher mortality (OR 1.32, 95%CI 1.14-1.53). In 2013, approximately 13% of households in the European Union comprised individuals aged !65 years living alone [55] . With an increasingly ageing population, the numbers living alone are likely to rise, increasing the importance of preventative measures such as vaccinations. Interestingly in our review, living with children or increasing housing density in some studies was associated with lower SIV uptake, suggesting that not living alone also may have different effects on vaccine uptake depending upon household composition.
Our analysis is an important update (with nineteen additional studies) of the previous 2011 systematic review by Nagata et al., which assessed only SIV uptake amongst older individuals [6] . Our review extends the scope to all vaccines given routinely to older individuals, has provided the results of quantitative syntheses, and has carried out extensive investigation of between-study heterogeneity. Our review also included religion as a social factor, incorporates studies prior to 2011 that were not presented in this earlier review [6] , and provides more detailed analyses of social factors such as country of birth, individual components of socioeconomic position, marital status and living alone.
Our review has several strengths. A comprehensive search strategy was utilised to identify pertinent social determinants of SIV and other vaccine uptake amongst older populations. Stringent criteria for quality assessment were followed. Meta-analyses to obtain summary estimates, and detailed exploration of the causes of between-study heterogeneity using a priori stratification criteria and meta-regression, allowed insight into the complex relationships between various social determinants and vaccine uptake in different countries.
Our review also has some limitations. A number of the studies included in the review had high risk of confounding bias, and restricting analyses to studies presenting adequately adjusted effect estimates led to a reduced number of studies in these analyses. Our use of stratification revealed some causes of betweenstudy heterogeneity. Meta-regression analysis, to further explore the causes for heterogeneity for factors other than education was not feasible due to insufficient numbers of studies. The multivariable meta-regression analyses for the effect of education indicated that both vaccine costs and confounding bias independently explained some of the heterogeneity in results. In this review the effect of social isolation or loneliness on vaccine uptake was not examined; individuals living alone may have strong social networks. The relationship between social isolation and vaccine uptake can perhaps be explored in future research. In addition, we hypothesized correlations between some social factors based on our conceptual framework, but it is possible that other complex inter-relationships between these factors may exist. Finally, we included only studies published in English language, which could have excluded some relevant data.
Conclusion
This is the first systematic review that quantifies the association of living alone, an important social factor for older individuals, with lower vaccine uptake. This, along with quantification of other factors such as immigration status, deprivation and education level, will help to target older individuals for interventions to mitigate vaccination inequalities. This review has also highlighted the limitations of existing studies in terms of study quality and between-study heterogeneity. As the role of social factors becomes increasingly recognised for equitable healthcare delivery, the findings of this review should provide guidance to healthcare providers for addressing vaccination inequality amongst older individuals. Our review should also help researchers to design future studies of higher quality with potentially more standardised definitions of social factors.
